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INTRODUCTION
Biological invasions currently constitute one of the most important and striking aspects of global environmental change (THUILLER & al., 2007; VILÀ & al., 2006; WITTEMBERG & COCK, 2001) . The consequences of these invasions are felt in many ways. For example, their effects are seen in the progressive loss of biodiversity, the alteration of biogeochemical cycles, the negative interference with certain human activities and interests, and, in short, in the homogenization of Earth's biota (ATKINSON & CAMERON, 1993) . Future global biodiversity scenarios highlight potentially dramatic increases in biological invasions in ecosystems (SALA & al., 2000) . Once an invasive alien species is established in a territory and the process of invasion has been triggered, the measures needed to control or eradicate it are very expensive and not always effective (PIMENTEL & al., 2001) . These measures can also cause collateral damage in the environment. For these reasons, preventative action is more useful. Consequently, those studies which are designed to discover the complex mechanisms and patterns which bring about and favour invasion processes can produce predicative models. These models then enable us to identify and evaluate situations where there is a risk.
Two approaches to the study of the phenomenon are (1) the identification of the attributes of the species which enable their success in the process of invasion (invasiveness), and (2) the analysis of the conditions of the habitats that make them more vulnerable to invasion by alien plants (invasibility). Environments and regions with extreme climatic conditions and little human influence seem to be those which have less capacity to receive alien species (SANZ ELORZA & al., 2006; GASSÓ & al, 2009) . Mountainous areas, the Polar regions, the cold continental steppes and desert and arid areas are examples of these cases. In contrast, those coastal regions which are in mid-latitude countries and which have a high population density are those with the highest numbers of alien flora, both total and invasory (SOBRINO & al., 2002) . In the case of the arid regions, the study of the phenomenon is especially interesting for various reasons. Although these regions do not have lush vegetation, they do amass a rich flora with numerous endemic species adapted to survive in very concrete and hostile environments. Examples of such areas would be places with scarce and unevenly spread rainfall, areas with high temperatures or wide fluctuations in temperature, or regions with very low relative humidity or drying winds. Other examples would be regions with intense rates of sunshine, severe night radiation frosts, high evapotranspiration values or saline ground. These factors cause species to develop highly specialized adaptations. Such mechanisms could include a reduction in the transpiration surface, a shortening of life cycles, the development of tissues to store water or CAM and C-4 metabolisms. The phenomenon of biological invasions in arid zones has not been widely studied, at least on a global scale, unlike other in habitats and countries where information on the presence and distribution of alien plant species can be found in a variety of published and unpublished accounts and databases (MEYERSON & MOONEY, 2007) . However, if the predictions for the future of the climate come true, the extension and distribution of arid zones in the world are going to undergo changes which will require us to take into account the study of all the phenomena and biological processes which are related to them.
The objectives of this study are (1) to determine which life-history traits are related to the invasiveness of alien plants in arid zones; (2) to clarify the differences in the characteristics of the alien flora in several representative arid regions of the world; and (3) to help develop explicit invasion risk protocols for these zones.
MATERIAL AND METHODS
In order to carry out the study, we have chosen six representative arid zones from around the world. These are the Mojave and Sonoran Deserts in North America, the Atacama and Peruvian Deserts in South America, the Sahara in the north of Africa and the regions of Tabernas y Monegros (Spain) in southeast Europe (Figure 1 ). The Mojave Desert stretches through southwest California. Its climate is characterised by seasonal and daily temperature fluctuations and, on occasions, it suffers from long periods of frost. It includes extremely arid areas, like Death Valley, with average annual mean precipitation of less than 50 mm. The Sonoran Desert extends from the south of California to the south of the Mojave Desert, continuing through southwest Arizona and the northwest of Mexico. Its pattern of temperatures is less cold, although records show an average absolute minimum temperature of -9.5 ºC (Aguajita/Quitobaquito) and an average absolute maximum of 48.9 ºC (Sierra del Rosario). The annual mean precipitation ranges from 40.22 mm in El Riito to 267.0 mm in Aguajita/Quitobaquito (FELGER, 2000) . The Atacama and Peruvian Deserts include some of the driest places on earth, with practically no rainfall, (less than 1 mm of average annual rainfall in Arica and Iquique), although at their southern limit (Copiapó) there was 64 mm of annual mean precipitation (MCGINNIES, 1977) . The Sahara is the largest desert in the world. It extends from the Atlantic coast of Africa to the Red Sea. It also includes some of the warmest and driest areas in the world. For example, the Great Tanezrouft has an annual mean precipitation of less than 25 mm and in El Azizia, in Libya, the highest temperature in the world was recorded (58 ºC in the shade). The Tabernas Desert extends through southeast Spain and covers an area of approximately 360 km 2 . The annual mean precipitation of most of this area ranges from 180 to 250 mm. The maximum temperatures in the hottest months are above 34 ºC and the minimum temperatures in the coldest months are rather mild with only light frosts. The Monegros Desert is a wide continental steppe area that stretches through the north-eastern part of the Iberian Peninsula in Spain, and covers an area of approximately 2,760 km 2 . Its climate has some extreme temperatures, with maximum summer temperatures that can reach over 40 ºC, and minimum winter temperatures that can be as low as -12 ºC. The annual mean precipitation ranges from 300 to 420 mm, although it is very irregularly spread out over the year.
For each area, we have catalogued the alien vascular flora from the following sources: Mojave (BALDWIN & al., 2002) ; Sonoran Desert (FELGER, 2000; NABHAN & al., 2002) ; Sahara (OZENDA, 1991; QUEZEL & SANTA, 1962 -1963 MAIRE, 1952 MAIRE, -1980 ; Atacama and Peruvian Deserts (DILLON, 2005) ; Tabernas (KUNKEL, 1988; SAGREDO, 1987; DANA & al., 2001) ; Monegros (MOLERO & BLANCHÉ, 1998; SANZ ELORZA, 2006) . We have only taken into account naturalized species, according to the criteria of RICHARD- SON & al. (2000) , and have not included casuals or sub-spontaneous species. From the information obtained from the cited sources, we considered that a species shows an invasive characteristic when in at least one of the regions studied there are reasons to think that it fulfils the criteria established by RICHARDSON & al. (2000) and PYŠEK & al. (2004) relating to the term invader when applied to vascular plants. In short, the aforementioned authors define an invasive plant as an alien species with self-sustainable populations without direct human intervention that produces offspring at considerable distances from the parent plants, and thus has the potential to spread over large areas. Invasiveness is quantified as a continuous numeric variable (number of regions where it shows an invasive characteristic).
Once the list of alien naturalized plants in the six arid zones studied had been compiled, a database was created with eight biological and ecological plant traits, according to the scientific literature (PYŠEK & al., 1995; GOODWIN & al., 1999; LLORET & al., 2003; SANZ ELORZA & al., 2006; GASSÓ & al., 2009) . These were the traits that could potentially be related to the invasion success of alien species. These variables are clonality (yes, no), pollination model (wind, insects, water), dispersal syndrome (anemochorous, hydrochorous, zoochorous and others that include barochorous, balistochorous, etc.), linking to moist soils (yes, no), seed size (very small if < 1 mm, small between 1-3 mm, medium between 3-5 mm, large between 5-10 mm and very large if > 10 mm), linking to disturbed habitats (yes, no), salinity tolerance (yes, no) and longevity (annual, perennial) . We used a test χ 2 in order to determine if significant differences exist between the results obtained in each of the areas.
For statistical analysis, we used Generalized Linear Mixed Models (GLMM) to model the species invasion success (invasiveness) according to the eight predictors previously described. Typical GLM can estimate and test any univariate or multivariate general linear model, including those for multiple regression, analysis of variance or covariance, and other procedures such as discriminant analysis and principal components. The model is:
where Y is a vector or matrix of dependent variables (they should be continuous numeric variables), X is a vector o matrix of independent variables (they may be either continuous or cate-gorical dummy variables, according to the type of model), B is a vector or matrix of regression coefficients, and e is a vector or matrix of random errors (SEARLE, 1971; WINER, 1971; NETER & al., 1985; COHEN & COHEN, 1983) .
After the parameters of the model have been estimated, they can be tested by any general linear hypothesis (in our model, life-history traits are related to the invasiveness of alien plants in arid zones) in the following form:
where A is a matrix of linear weights on coefficients across the independent variables (the rows of B), C is a matrix of linear weights on the coefficients across dependent variables (the columns of B). In our model, C is an identity matrix. B is the matrix of regression coefficients of effects, and D is a null hypothesis matrix (null matrix). However, there is a clear bias as far as both the invasive characteristics of the species and their biological and ecological attributes are concerned. This is due to the phylogenetic relationship, and is defined as taxonomic bias. This causes an erroneous increase in the number of degrees of freedom as each species is used as an independent piece of data (BRÄNDLE & al., 2003) , with the resulting increase of type-I errors. GLMM enables the phylogenetic effect to be mitigated by means of the incorporation of the taxonomic categories, in our case the genus, as nested random factors. This partly controls the probable lack of independence of the values assumed by the variables in species that are phylogenetically close (GASSÓ & al., 2009) .
RESULTS

SPECIES APPROACH
The inventory of the alien flora of the areas studied, extracted from bibliographical sources, lists a total of 347 species although there are notable qualitative and quantitative differences as far as the location of each area is concerned (Table 1) .
Accounting for taxonomic relationships, of the eight selected predictors, only two are significantly related to the invasion characteristic (Table  2 ). These are dispersal syndrome and linking to disturbed sites. If taxonomic bias is not considered, the salinity tolerance (F-ratio = 9.097; pvalue = 0.0027) also appears to be significantly related to the invasion characteristic, as halophyte species are concentrated in a few families and genera. With regard to the dispersal syndrome, the wind and rain can be seen to be the main vectors of invasive alien species (Figure 2) . As far as linking to disturbed sites is concerned the invasive species are largely ruderal and nitrophilous (Figure 2).
ALIEN FLORAS OF ARID ZONES
The analysis of the differences in the percentages of alien species obtained in each area for each of the predictors, with relation to the overall
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Figura 2. -Characterisation of the alien flora of the arid zones which were studied. Non-significant results have been omitted. Table 1 Alien flora of the six arid areas studied (+ presence, -absence) arid areas shows that, in general, the dry areas of the Old World are more distinct than those of the American continent (Table 3) .
DISCUSSION AND CONCLUSIONS
Our approach enables us to identify the factors that favour the invasiveness of introduced species in arid zones. Until now, only a few species attributes have been shown to be significantly related to the invasiveness of alien plants ( THOMPSON & al., 1995; SOBRINO & al., 2002; LLORET & al., 2003; SANZ ELORZA & al., 2006) . The two predictors that we have found to be related to the phenomenon in dry areas had already been related to the invasiveness of alien species in other parts of the world, and in other ecological environments. The relation between dispersal syndrome and invasion success of the species dispersed by wind (anemochorous) in the western Mediterranean (GASSÓ & al., 2009) has been proved and coincides with what has been observed in dry areas. Nevertheless, in these dry areas, species dispersed by water (hydrochorous) have also shown themselves to be capable of becoming successful invaders. Obviously, in dry areas the environments where hydrochorous species can trigger invasion processes are very limited, therefore resulting in surface extension areas which are not very significant. Moreover, in specific concrete and delimited wetland habitats the application of prevention and control strategies is much more straightforward. On the other hand, species linked to moist soils have not shown themselves to be more efficient invaders in any significant way, although in areas where agriculture with irrigation is important the opposite may be true. This situation occurs in Monegros (Table  3) , and is the explanation for the different behaviour of this area with respect to the general pattern. Many of the invasive alien species present are weeds of irrigated crops that come from tropical areas (SANZ ELORZA & al., 2006) .
Apart from dispersal syndrome and linking to disturbed sites, the rest of the traits studied have not been found to be related to invasion success. It is striking that characteristics such as seed size, capacity for clonal reproduction, linking to moist soils or longevity do not explain the phenomenon of invasiveness of alien plants in dry areas, as could have at first been assumed. This situation reinforces the theory of the absence of a general pattern of the attributes of invasive species, as these are largely dependent on the type of habitat and the geographical environment in which they are found (THOMPSON & al., 1995) .
In the comparison of the alien flora of the six areas studied (Table 3) , it can be seen that the Tabernas Desert differs significantly in all the attributes with respect to the global pattern of the arid areas. Monegros is only 700 km away, and is only significantly different with respect to linking to moist soils due to the importance of irrigated agriculture. The attributes of the alien flora of Monegros seem to bear a closer resemblance to the alien flora of the deserts of North America, where the arid conditions are more similar and not as extreme as those of the Sahara or the Atacama and Peruvian Deserts. These last two, which are the most genuine deserts, show significant differences in biological types, with a gre- This is easily explained if we consider the conditions of extreme dryness of these deserts and the absence of wetlands and fluvial courses that could mitigate the situation on a local scale. In these conditions, the therophytes are the best adapted to survive, as they take advantage of any sign of temporary humidity that allows them to complete their cycle quickly. In the alien flora of the Sahara, significant differences can be observed in the global pattern of seed size, as the species with small seeds acquire greater quantitative importance. Many of the alien species in the Sahara are, in fact, therophytes of Mediterranean origin with small seed size. The Sonoran Desert does not significantly differ from the general pattern in any of the traits we considered. This is partly because this zone had the greatest number of alien species of all the arid zones in the study. This could be because there are more environments which are altered by human influence, as there are several cities with large populations in this desert, unlike in the other five areas. In the Mojave Desert, the significant difference which can be seen with respect to dispersal syndrome is worth noting. This is caused by the greater frequency of alien species with anemochorous dispersion. We can conclude that in dry areas, dispersal syndrome is a determining factor of invasiveness. This agrees with the descriptions in the classic literature about the ecology of invasive alien plants ( RICHARDSON & al., 2000; KOLAR & LODGE, 2001; PRINZING & al., 2002) . Moreover, the harsh environmental conditions of the arid zones create an ecological barrier that is difficult for alien plants to overcome, as they tend to be concentrated in environments which are altered by human activity. For this reason, the best preventative measure against invasive alien plants has been shown to be making the preservation of the habitats of arid zones a priority in nature conservation policies. The differences in the attributes of the alien species in the six areas studied show that, in spite of the fact that they all have an arid climate in common, there are more subtle environmental factors in play which cause deviations with respect to a hypothetical general situation. Therefore, the theory of the absence of a general pattern in the attributes of alien species is proved to be true. These species are largely dependent on local conditions, even in the case of regions with major climatic analogies.
